A systematic DFT investigation of 3-hydroxy-N-phenylnaphthalene-2-carboxamide and its sixteen para-derivatives is presented. The structural analysis showed that the energetically preferred conformation of all derivatives is practically planar and it is stabilised via intramolecular hydrogen bonds occurring between (C)O ... H(3)O atomic pairs. The quantum chemically evaluated partition coefficients logarithms correlate well with Quantitative Structure-Activity Relationship models as well as with experimentally determined isocratic retention factors logarithm. Theoretical gas-phase proton affinities of amido and hydroxyl group together with selected partial atomic charges reflect the terminal phenyl substitution effect. These quantities are linearly dependent on the in vitro activity against the Mycobacterium Kansasii. Obtained linear correlation functions based on quantum chemically evaluated microscopic properties and selected experimental data may serve as the effective tool in modern drug design for the description of substitution effect.
Introduction
In the last two decades, much effort has been paid to the development and the synthesis of new antimicrobial chemotherapeutics due to the dramatic increase of drug-resistant bacteria. 1 A large number of biologically active organic compounds consists of an amide (-NH-CO-) moiety with hydrophobic residue in its close vicinity. Due to its electronic properties, the amide functional group is able to interact with a number of enzymes/receptors and affect the biological response. 2 Therefore the reason for widespread occurrence of amides in pharmaceutical research is obvious. Properties of the amide group can be easily tuned by various chemical modifications. In this context, we can mention salicylanilides. 3, 4 These N-substituted hydrox ybenzamides represent compounds with a wide range of pharmacological activities. 5, 6 The exact mechanism of action is still under investigation, but these compounds are known to act as inhibitors of protein kinase epidermal growth factor receptor. 7 Moreover, the salicylanilides were also found to inhibit bacterial enzymes. [8] [9] [10] [11] In the drug design and discovery the pharmacokinetic behaviour, i.e. solubility, absorption, distribution, metabolism and excretion of a compound play a crucial role. All these properties strongly depend on the lipophilicity of the compound making it one of the key parameters in the prediction and determination of pharmacological activity of potential drugs. [12] [13] [14] [15] Lipophilicity as defined by IUPAC is the affinity of a molecule or its moiety to lipophilic environment. 16 Generally, it is expressed as octanol-water partition coefficient P, which can be determined experimentally and by computational methods. Nowadays, the chromatographic determination of lipophilicity is one of the most popular approaches due to the simple instrumentation and extensive range of measurable lipophilicity values. 17 It can also be expressed by means of lipophilicity indices. The most common one is the retention factor k. It is obtained by the reversed phase high performance liquid chromatography (RP-HPLC) with isocratic elution. However, better correlations with log P can be reached if the retention factor k is extrapolated to the mobile phase with a 0.0% concentration of the organic solvent. 18 On the other hand, popular Molinspiration quantitative structure-activity relationship model (QSAR model) exists as an online partition coefficient calculator and will be denoted as miLogP. 19 Based on group contributions, miLogP identifies a total of 220 molecular fragments which include charge interactions. Alternatively, the XLogP3 values represent a knowledge-based approach Michalík et al.: B3LYP study of 3-hydroxynaphthalene-2-carboxanilide ... based on additive atom/group model which starts from the known log P value of a similarly reference compound. 20 Finally, the ALogPs is a self-learning method based on the use of associative neural networks to predict the log P value of a compound from its molecular structure. [21] [22] [23] Despite having certain limitations, these models are used extensively to estimate the log P values of potential drugs. 24, 25 Currently, the quantum chemical Density Functional Theory (DFT) method is widely used for the calculation of molecular and electronic structure. It is no surprise that the lipophilicity is tightly related to the molecular electronic structure. Moreover, the effect of various solvents and molecular conformations on the selected properties can be investigated. The DFT can be helpful for evaluation of energy related quantities, geometric parameters, as well as electromagnetic properties of molecules. 26, 27 Structure-activity DFT studies where the authors investigated the dependence of various biological activity descriptors on the lipophilicity and selected parameters have been published. 28, 29 For example, reasonable good correlation was found by studying relationships between log P and molecular properties for a larger set of polychlorinated biphenyls. 30 In the case of aromatic molecules, the substitution effect is often successfully expressed by Hammett or Taft constants. 31 This approach has some shortcomings. For example, the prediction of ortho substitution effect is difficult due to the specific interactions occurring between neighbouring atoms of the added group, e.g. hydrogen bond formation, steric hindrance and steric effects of bulky substituents. 32 Next, the correlation of the local microscopic quantities, e.g. isotropic hyperfine coupling constants, nuclear magnetic resonance shifts or partial atomic charges, works very well for the atoms forming the substituted aromatic rings. Nevertheless, identification of next suitable substituent descriptors is still a challenge for theoretical chemists.
The recently published synthesis and biological activity investigations of novel ring substituted hydroxynaphthalene-2-carboxanilides and 2-hydroxynaphthalene -1caroxanilides represent a follow-up contribution to understanding the structure-activity relationship. 3, 4, 9, 10 The effect of seven substituents (-CH 3 , -F, -Cl, -Br, -OCH 3 , -CF 3 and -NO 2 ) was investigated. The design of these carboxanilides was based on the principle of their ring analogy with salicylanilides. The highest lipophilicity, i.e. retention factor logarithm (log k), as well as a wide range of higher antibacterial and antimycobacterial activities was measured for 3-hydroxynaphthalene-2-carboxanilides. Especially, the well determined biological activity concentration (MIC) against Mycobacterium Kansasii was found. In vitro experiments also showed higher biological toxicity for 3-hydroxy-N-(4-nitrophenyl)naphthalene-2-carboxamide than for its ortho and meta analogues. Although the substituent effect was studied for seven substituents and the experimental data (log k and MIC) were correlated with electronic Hammett parameters or QSAR log P values, the modifications of electronic structure upon the ring substitution were not systematically investigated at the quantum chemical level. It is plausible to suppose that proton affinity (PA), bond dissociation enthalpy (BDE) and selected partial atomic charges could be promising descriptors for the quantification of substituent contributions to various experimentally relevant quantities used in drug development.
With respect to the above-mentioned facts, we decided to perform the systematic quantum chemical study of 3-hydroxynaphthalene-2-carboxamide para-derivatives ( Fig. 1 ). Main goals of this work can be defined as follows: a) theoretical evaluation of DFT-logP values, partial atomic charges, gas-phase proton affinities of hydroxyl and amide groups for the set of 16 electron donating and electron withdrawing groups; b) correlation of these quantities with Hammett constants and available experimental data (log k and MIC); c) estimation of the influence of terminal phenyl substitution on the energies of frontier orbitals. Finally, the quantum chemically evaluated log P values will be compared with QSAR models. Fig. 1 . Schematic structure of studied 3-hydroxynaphthalene-2-carboxamide para-derivatives with atom notation.
Materials and Methods
In order to get an accurate and precise theoretical description of the electronic and geometric properties of the molecules and of their interactions quantum chemical calculations were performed using Gaussian 09 program package. 33 Optimal geometries of the studied molecules in the neutral and deprotonated forms (see Eq. 2) were calculated in the gas-phase, n-octanol and water by the DFT method with B3LYP (Becke's three parameter Lee-Yang-Parr) functional without any constraints (energy cut-off of 10 −5 kJ mol −1 , final RMS energy gradient under 0.01 kJ mol −1 Å −1 ). 34, 35 In addition, the Grimme's dispersion corrections (GD3BJ) were included for the better description of the intramolecular interactions occurring between the added substituents. 36 For all calculations, the triple-zeta 6-311++G(d,p) contracted gaussian basis sets for all atoms were employed. [37] [38] [39] These basis sets can provide reliable molecular geometries and reaction enthalpies at reasonable time expense. [40] [41] [42] The solvent influence was approximated by the continuum Solvation Model based on the quantum mechanical charge Density (SMD) of a solute molecule interacting with a continuum description of the solvent. 43 The optimized structures were confirmed to be real minima by vibrational analysis (no imaginary vibrations). Then, electronic energies of frontier orbitals i.e. the highest occupied molecular orbital (HOMO) describing compounds nucleophilicity and the lowest unoccupied molecular orbital (LUMO) related to compounds electrophilicity was obtained. Partial atomic charges were evaluated using the APT (Atomic Polar Tensors) treatment. 44 The theoretical partition coefficient logarithm (DFT-logP) for the water/n-octanol mixture was calculated according to Eq. 1 (1) where G values are the total Gibbs free energies of the solvated molecule, and R stands for the gas constant, R = 8.3145 J K -1 mol -1 . 45 In the case of studied compounds, two possible anions can be considered. Either hydroxyl group or amide -NH group can be deprotonated. According to the IUPAC notation 16 , the gas-phase affinities of the anion were calculated by means of total enthalpies, H, from the Eq. 2 (2) The symbol H(XN -/O -) stands for the total enthalpy of the formed anion, the H(H + ) is the total enthalpy of the proton and H(XNH/OH) represents the total enthalpy of the investigated molecule. The gas-phase proton enthalpy H(H + ) = -6.197 kJ mol -1 was used, i.e. (5/2)RT. The Gibbs energies and enthalpies were determined for the room temperature (T = 298.15 K). QSAR method tries to find descriptors holding valuable information for designing drugs with maximum biochemical activity, therefore we have used various regression models. The statistical significance of the correlations was tested by examining the correlation coefficient and the standard deviation using Origin software. 46 Visualization of obtained theoretical results was done by Molekel program package. 47 
Results and Discussion

1. Conformational Analysis
From the geometrical point of view, the studied compounds consist of two aromatic moieties which are connected by single bonds to the -NH-CO-bridge. The possible orientations of carbonyl atoms with respect to the hydroxyl group at the naphthyl moiety lead to four conformations. As it is presented for the parental molecule (R = H) in Fig. 1S , the energetically preferred conformation 1a is stabilised via the 1.708 Å intramolecular hydrogen bond between (C)O and H(3)O atoms. As it can be seen in Tab. 1S, the distance increases with the electron-withdrawing character of the substituent. The dimethylamino derivative has the shortest distance of 1.699 Å while the largest value of 1.726 Å is associated with the -NO group. The second possible conformation 2a can be stabilised by the interaction between H(3)O and H(N) atoms. Interestingly, this intramolecular bond length decreases with the electron-withdrawing character of the substituent. The corresponding distances for the selected derivatives are 1.853 Å for the parental molecule, 1.856 Å for the -N(CH 3 ) 2 group and 1.839 Å for the -NO group. The calculated Gibbs free energy difference with respect to the most stable conformation of the parental molecule is of 12 kJ mol -1 . According to the Boltzmann statistic, the negligible population of the second conformation at 298 K can be predicted. Similar results were obtained also for the substituted para-derivatives with the strong electron-donating amino group and the strong electron-withdrawing nitroxo group. Quantum chemical calculations also predicted practically planar structures of 1-hydroxynaphthalene-2-carboxanilides. The maximal distortion of 8 degrees is between the naphthyl moiety and CO or CN bonds. It seems that the presence of two aromatic moieties connected via the alternating single and double bonds ensures the impact on the whole molecular electron structure by phenyl ring substitution. The opposite arrangement of the OH group in conformations 1a and 2a leads to the conformations 1b and 2b where such intramolecular forces are not present. In the case of the 2b conformation, the strong steric repulsion between hydrogen atoms of -OH group and -NH-moiety (see Fig. 1S ) is responsible for the significant dihedral twist. For example, the dihedral angle C3-C2-C(O)-N(H) is about 38 degrees in all studied derivatives. Next, the mutual subtraction of the relative electronic energies 1a and 1b or 2a and 2b conformations enables us to estimate the stabilisation effect of these hydrogen bonds. For the (C)O···H(3)O interaction, these energies are approximately two times larger than for the H(3)O···H(N) one. The maximal stabilisation effect is found for the electron-donating -N(CH 3 ) 2 group (41.6 kJ mol -1 ). The lowest interaction energy of 35.3 kJ mol -1 exhibits the derivative containing the nitroxo group. From the energetic point of view, the intramolecular hydrogen bonds in 1a conformations are moderately strong. The reported literature data for very weak hydrogen bonds between two molecules are of ~4 kJ mol -1 (e.g. C-H···OH 2 ) 48 while the extremely strong interaction between ions HF 2 are stabilized with the interaction energy of ~160 kJ mol -1 . 49
2. Substituent Effect on Lipophilicity and Retention Factors
As mentioned in the introduction, the lipophilicity parameter log P can be predicted by various QSAR models and also by means of quantum chemical calculations. For
the unsubstituted parental molecule (R = H), the quantum chemical DFT-logP value calculated for n-octanol/water mixture is of 2.23. The empirical models based on the octanol/water measurements give higher values, i.e. 4.48, 4.52 and 3.99 for miLogP, XLogP3 and for ALogPs, respectively. The data collected in Tab. 1 allow a quick comparison of substituent induced changes of the relative lipophilicity values along with the reference lipophilicity of the unsubstituted molecule. The chemical substitution, especially halogenations is able to enlarge the lipophilicity value, which is often used in the drug development. 50 The maximal QSAR log P values were found for -Br, -CH=CH 2 and -CF 3 groups while the amino group significantly minimizes this value. The trends obtained by the DFT approach remain the same. As illustrated in Fig. 2S , the quantum chemically evaluated DFT-logP values can be correlated with the QSAR ones. The best correlation was found with the Mol-Inspiration model (Tab. 2S). The correlation coefficient R after omitting two strong electron donating groups (-NH 2 and -NMe 2 ), one electron-withdrawing -COOH group and CH=CH 2 reached the value of 0.95. The parameters for linear function are miLogP = 0.491(51) × DFT-logP + 3.54 (12) (
Experimental retention factors (log k) for six derivatives (-OCH 3 , -CH 3 , -H, -F, -Br, -Cl, -CF 3 and -NO 2 ) were published recently by Kos et al. 3, 4 These experimental values represent the logarithm of the isocratic retention factor determined by means of RP-HPLC with mobile phase containing 60% methanol and 40% water. Except for methoxy group, all substituents cause the increase of log k with the halogen substituents having the largest impact.
Tab. 1. Hammett constants σ p , DFT electric dipole moments in Debye, theoretical DFT-logP values, DFT gas-phase proton affinities (PA) in kJ mol -1 , the QSAR predicted logP and the experimental logk values 3, 4 for the studied derivatives. B3LYP results are presented for the most stable conformation 1a. The expected trend of increasing lipophilicity with the larger halogen atom can be observed. After the nitro group exclusion, the data depicted in 
In the case of the QSAR log P values, the obtained slopes with the eliminated nitro group are larger (Fig. 4S) , i.e. 0.719 for miLogP, 0.76 for XLogP3 and 0.90 for ALogPs. It seems that the strong electron-withdrawing NO 2 group shows significantly higher experimental log k value than the evaluated dependences predict. This discrepancy is probably caused by the non-equivalent exhibition of solvent effects in model systems accounted for the log P determination in comparison with the measurements of retention factors in the solvent mixture. Additionally, the formation of dimer structures is possible 51 which alters the retention factors, and therefore log k.
The dependence of DFT-logP on the in vitro activity against Mycobacterium Kansasii (DSM 44162) is also noteworthy ( Fig. 2) . After exclusion of the data for -NO 2 and -F substituents, we have obtained the linear function with R = 0.91 MIC / μmol L -1 = -519(120) × DFT-logP + 2135(354) (5) In general, the antimycobacterial activity of potential drugs is very often affected by the differences in the permeability of the cell walls. Although all investigated compounds have the planar 1a conformation, their penetration into bacterial cells can be supported by their higher electric dipole moments together with the size of the terminal substituent. The mutual comparison of B3LYP dipole moments collected in Tab. 1 reveals that the most polar molecule is the nitro-derivative with the corresponding value of 7.1 D. For the sake of comparison, we note that the gas-phase B3LYP/6-31++G(d,p) dipole moment of non-substituted nitrobenzene of 4.9 D. This value is slightly higher comparing to the gas-phase experimental value evaluated from the dielectric constants (4.3 D). 52 On the other hand, fluorine has the highest electronegativity and may have large electronic effect on the neighbouring carbon atoms. Next, fluorine atom can act as a hydrogen bond acceptor, and its three lone pairs even enable to act as a ligand for alkali metals. Therefore, the incorporation of the fluorine atoms in a molecule will make it more lipid soluble. This means it migrates through membranes much more readily, and hence the fluorinated molecule has a higher bioavailability. 53 
Substituent Effect on the Atomic Charge Distribution
The electrostatic field in the vicinity of the molecule determines the macroscopic properties reflected in the ex-perimental retention factors or log k values. For the sake of simplicity, this electrostatic field can be approximated as the superposition of partial atomic charges. The magnitudes of these charges are consequently changed with respect to the ring substitution. In other words, the maximal and minimal values were observed for the derivatives containing the strongest electron-withdrawing nitroxo and the strongest electron-donating dimethylamino groups respectively. The mutual comparison of absolute differences obtained from the atomic partial charges (Q X ) of the above mentioned derivatives help us to determine which part of the molecule is mostly sensitive to the terminal substitution (Fig 3) . The individual partial charges of non-hydrogen atoms of 3-hydroxynaphthalene-2-carboxanilide for -NO and -N(CH 3 ) 2 derivatives are available in Tab. 4S It seems that the substituent effect expands beyond the amidic bond in the case of the C2 atom and the oxygen atom of the OH group on the naphthyl moiety. However, the negligible charge sensitivity to the substitution can be seen at other naphthyl ring atoms. The linear dependence of the atomic charge on the Hammett constants was found only for C2, N, C1´ and C(=O). As shown in Fig. 4S , the positive partial charges on C1´ and C(=O) atom increase as the substituent possess a more electron-accepting nature (see Tab. 1). On the other hand, the negative slopes of -0.0940 and -0.215 were observed for the Hammett type dependences for the charges on C2 and N atoms. Based on Tab 2. Linear dependence parameters and correlation coefficients for the dependence of B3LYP APT partial charges in atomic units of selected carbon and nitrogen atoms on the Hammett constants. Possible importance of the electrostatic interaction between these atoms and solvent molecules in the chromatographic retention times can be estimated from the direct correlation with the experimental log k values (Fig.  4) . After the exclusion of log k value for NO 2 substituent and the parental molecule, the following linear regressions with R higher than 0.98 were obtained (partial charges Q X are in atomic units) log k = 2.52(30) × Q C1´ -0.41 (16) 
Atom
log k = -4.53(0.72) × Q N -3.57(71) (7) In the case of the nitro group, relative large atomic partial charges on the substituent atoms were found (Tab. 4S). The charge on the nitrogen atom is positive (1.51 a.u.) and on each of the oxygen atoms is negative (-0.75 a.u.).
Although the relatively high positive atomic charge was also found at the carbon atom of trifluoromethyl, the orientation of fluorine atoms will ensure the electrostatic shielding effect. Therefore the found dependence could be relevant for the prediction of log k values for the derivatives with terminal substituents containing no unshielded positively charged atom connected directly to the phenyl ring.
From the next dependences illustrated in Fig. 4 , it can be concluded that the linearity between the atomic partial charges on C1'/N atoms and the MIC values occurs only for stronger electron-withdrawing and electron-donating groups. Correlation coefficients are better than 0.95 after omitting the parental molecule, methyl and fluoro derivatives. The linear regression equations for partial charges Q X in atomic units are 
4. Substituent Effect on the Proton Affinities of Amide and Hydroxyl Groups
Despite the fact that the carboxanilide compounds are very weak acids, the energetics of proton abstraction could be affected by the terminal substitution. For the determination of the primary substituent effect, i.e. the influence of the electronic nature of a functional group excluding solvent and other additional effects, the gas-phase calculations of proton affinities (PA) were performed. For the energetically preferred 1a conformation, amidic group proton affinity of parental molecule is of 1369 kJ mol -1 in gas-phase. The PA for the hydroxyl group connected to the naphthyl moiety is slightly lower, i.e. 1341 kJ mol -1 (see Tab. 1). Chemical accuracy of the used calculation method can be estimated by the comparison with experimental data for well documented simple chemical structures. Experimental gas-phase PA values of phenol and aniline are of 1456 kJ mol -1 54 and 1541 kJ mol -1 55 , respectively. Our calculated values are of 1441 kJ mol -1 and 1524 kJ mol -1 , respectively.
The addition of a strong electron-donating group to the phenyl ring increases the PA value for amide and hydroxyl groups by about 16 kJ mol -1 . On the other hand, the electron-withdrawing substitution is responsible for the almost 60 kJ mol -1 decrease of PA. From the numerical point of view, the reliability of PA value is dependent on the correctly found optimal geometry of the molecule and of its deprotonated form. In the case of these investigated carboxanilide para-derivatives in the 1a conformation, the proton abstraction from the amide group can be responsible for the strong electrostatic interaction between the hydrogen atom of the hydroxyl group and the oxygen atom of the amide group. This interaction can generate two or more energetically different conformations with respect to the hydrogen atom position of the hydroxyl group. On the other hand, the deprotonation of the hydroxyl group in the 1a conformation leads to strong repulsion between the oxygen atoms while the deprotonated anionic form can occur in various twisted conformations. Despite these complications, the linear dependences with R = 0.96 were achieved with respect to the Hammett constants ( Fig. 5S ). From the linear regression, we obtained the following equations Slope values show that the para substitution has practically equivalent influence on the proton affinities among investigated groups. It seems that the PA values could be used as the suitable descriptor of the molecular electronic structure which is responsible for the biological activity of investigated 3-hydroxynaphthalene-2-carboxanilides. As illustrated in Fig. 5 , both calculated gas-phase proton affinities are linearly dependent on the in vitro activity against Mycobacterium Kansasii (DSM 44162).
The obtained correlation coefficients after exclusion of the parental molecule, methyl and fluorine derivatives are better than 0.97. The fitted parameters for the hydroxyl group are MIC / μmol · L -1 = 17.5(2.5) × PA -22800(3300) (12) and for the amide group are MIC / μmol · L -1 = 13.8(2.1) × PA -18200(2900)
The PAs are in kJ·mol -1 . From these dependencies, gas phase PA turns out to be a possible descriptor of MIC values and interestingly the correlation between the microscopic and macroscopic quantity is evident. The contribution of a solvent effect on the proton affinities can be also theoretically evaluated by employing B3LYP/SMD model. Nevertheless, implicit solvent model is fast and robust but still only approximation and has its own limita- 
5. Substituent Effect on the Energies of Frontier Molecular Orbitals
The terminal ring substitution should also have the influence on the redox potential. The energies of the Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) as the next possible descriptors should reflect the differences in the molecular structure of the studied derivatives. As depicted in Fig. 6a , the energy of HOMO (E HOMO ) correlates satisfactorily with the Hammett constants. After omitting two strong electron donating groups (-NH 2 and -NMe 2 ), the correlation coefficient is of 0.96 and the parameters of the fitted dependence are E HOMO /eV = -0.282(22) × σ p -6.0646(98)
The negative slope indicates that the cation formation is supported by the electron-withdrawing substituents. Interestingly, the shapes of HOMO-1 for NH 2 and NMe 2 derivatives are comparable with the HOMO shapes of the remaining species. The HOMO-1 energies for NH 2 and NMe 2 correlate better with the Hammett constants. As can be seen in Fig. 7S , all these molecular orbitals are delocalised over the naphthyl moiety. On the other hand, the lobes of HOMO functions for NH 2 and NMe 2 derivatives are delocalised over the central bridge, phenyl moiety and corresponding lone pair of the added terminal nitrogen atom. In the case of the LUMOs, two distinguished linear dependencies with respect to the Hammett constants were obtained. The parental molecule represents the border group in these dependences (Fig. 6b ). For the electron-donating substituents including the parental molecule, the correlation coefficient R = 0.96. The linear function parameters based on seven points are
Significantly lower slope was obtained for the derivatives containing the electron-withdrawing substituents
The correlation coefficient evaluated from ten points, where the parental molecule was also included, is of 0.93. Despite the presented linear dependence of HOMO/ LUMO energies on the Hammett constants, the dependence of orbital energies on the log k values depicted in Fig. 7S shows no 
Conclusion
The present work was focused on the systematic quantum chemical investigation of 3-hydroxy-N-phenylnaphthalene-2-carboxamide and its sixteen para-derivatives. The structural analysis showed that the 1a conformations are energetically preferred due to the stabilisation via the intramolecular hydrogen bonds occurring between the (C)O···H (3) the alternating single and double bonds with the practically planar arrangement corresponding to the 1a conformation. The calculations of B3LYP APT atomic charges and proton affinities confirmed indisputable impact on the -NH-CO-bridge atoms and the naphthyl moiety. Next, the substitution effect was estimated from the mutual comparison of the energies of the frontier molecular orbitals. The dependences between the log P and the charge variations at specific positions show the linear increase of the lipophilicity with the absolute value of the accumulated charge on a single atom. Based on the comparison with the experimental data obtained for the synthesized derivatives the predicted trends were confirmed. The best correlation between the quantum chemically evaluated log P values and the QSAR Molinspiration model was demonstrated. The experimental log k values were correlated with the APT charges of the amide nitrogen atom as well. Interestingly, the evaluated partial charges on N and C1' atoms, the gas-phase proton affinities for the dissociation of the amide and hydroxyl group of the naphthyl moiety are linearly dependent on the in vitro activity against Mycobacterium Kansasii and serve as possible descriptors. Except the parental molecule, fluorine and methyl substituted derivatives, this linearity was demonstrated only for the substituents possessing stronger electron-donating or electron-withdrawing effects. Although the energies of frontier molecular orbitals very well reflects the changes in the electronic structure upon the terminal ring substitution, only HOMO energies can be suggested as the possible descriptor for MIC quantities. Nevertheless, it should be mentioned that experimental data for a larger set of molecules could unambiguously confirm that the found dependences are relevant also for different substituents and the obtained dependences are capable to provide reliable predictions. It could be also stressed out that experimental results were correlated with the gas-phase deprotonation energetics -although the solvent does not change general trends, it usually attenuates the substituent effect. But the theoretical description of the solvent effect is not trivial. Applied implicit solvent model due to the implemented approximations may not improve the quality of predicted trends. 
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